Abstract. Salat as a daily Muslim activitiy in praying contains several movements which are not suggested by orthopaedic doctor to be conducted by patient with total hip replacement (THR). Sujud and sitting are two movements in Salat which is recommended to be done above the chair for THR patients. There are lacks of scientific discussions about the consequences of the normal salat movement for Muslim THR patients. This paper observes the effect of these movements to the artificial hip joint in THR patient body. A three-dimensional finite element simulation is used to investigate the resisting moment, the contact pressure and the von Mises stress. An artificial hip joint model proposed by previous researcher is used in the simulations. The results show that sujud induces the impingement and plastic deformation whereas sitting is relatively safe to be conducted by THR patients. Some suggestions are also discussed with respect to the design of new artificial hip joint model which allows THR patients to conduct Salat in a normal way. The reduction of inset at the liner, the new profile at circumferential edge inner liner and the increase in the femoral head diameter can be considered as a guideline for new design of the artificial hip joint for Muslim.
Introduction
Salat as a daily Muslim activity in praying consists of various movements. Several Salat movements are not suggested by orthopaedic doctor for total hip replacement (THR) patients, for instance, the movements which ask the patient knees touching the floor: sujud and sitting movement. Muslim patients with THR are advised to conduct these movements above the chair to avoid the dislocation and impingement of the artificial hip joint.
Dislocation, a leading cause for clinical failure of THR [1] , can be caused by the weakness of muscle of tissues around the joint, malposition of the implant components and also repeated impingements [1] [2] . Impingement of the femoral neck on the acetabular liner can be induced by the excessive motion of the artificial hip joint. The repeated impingement causes excessive wear, reduces the initial dimension and/or material failure of implant components of polyethylene liners [3] . The effect of dislocation and the repeated effect of impingement are unsafe for the THR patients. This leads to the investigation of the effect of Salat movement for the THR patients to observe the possibilities of the dislocation and/or impingement in more deeply.
During interviews with some patients in Suharso Orthopaedic Hospital, Solo, some of Muslim patients with THR express their wish to accomplish Salat in a normal way. Based on population census data conducted by BPS Statistic Indonesia in 2010, Indonesia has the largest number of Muslim in the world. Indonesia's Muslim population reached 207 million (87%) from the total population in Indonesia (237 million) [4] . Considering the large Muslim population in Indonesia, the aforementioned wish becomes important to be investigated. However, based on literature survey, a very few scientific discussions about the consequences of the normal Salat movement for Muslim THR patients are found. Therefore, to complement such a discussion, a novel finding focused on the observation of the effect of normal Salat movements on the artificial hip joint for THR patient body is discussed. A numerical analysis using finite element method is conducted to simulate several Salat movements and its impacts to impingements and dislocation for patients with THR.
Salat Movements
Various obligatory movements are required during Salat activities. The visualization of Salat movements, discussed in this research, is captured from the Association of Islamic Charitable Projects [5] . Salat covers several movements: (i) standing, (ii) bowing (ruku'), (iii) straightening up (i'tidal), (iv) prostration (sujud), (v) sitting between the two prostrations and (vi) the last sitting (tahiyah). This research will discuss two movements: sujud and sitting between the two prostrations whereas other movements are discussed in the future paper.
The details of sujud (prostration) movement (lying face downward until touching the floor with the hands and legs position) are depicted schematically in Fig. 1 . The artificial hip joint in the patient body is positioned with high degree of flexion (110°). The details of sitting between the two prostrations are showed schematically in Fig. 2 . The artificial hip joint in patient body is positioned around 80° of flexion. The artificial hip joint on the right leg (RL) receives 15° of internal rotation whereas the left leg (LL) receives 6° of external rotation. The position of the artificial hip joint angle in the patient body during sujud and sitting is measured by considering the femoral head angle of the artificial skeleton in Soeharso Orthopaedic Hospital, Solo. Goniometer and inclinometer are used in the Salat movement measurement. 
Research Methodology
Hip Joint Model. Previous researchers proposed various models and dimensions of artificial hip joint. The basic model which is close to Indonesian artificial hip joint dimension was proposed by Klues et al. [3] . The unipolar model of artificial hip joint proposed by Kluess et al. [3] , consists of
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femoral head, femoral neck and acetabular liner, is redrawn and employed as a model in the present simulation ( Fig. 3a) . Diameter of the femoral head and the femoral neck are 28 mm and 14 mm, respectively. The wall thickness of the liner is 7 mm, head inset of the liner component is 2 mm. A gap between the femoral head and the acetabular liner cup is 24 µm. Klues model [3] , as one of the existing models of artificial hip joint, is employed in the present simulation in order to check the possibilities of impingement and dislocation during Salat movements. Commercial finite element software ABAQUS 6.11 is employed to perform the numerical calculations. Figure 3b exhibits the meshes of the finite element for the acetabular liner cup whereas the femoral head is assumed to be a rigid analytical surface due to large difference of the structural stiffness between the femoral head and the polyethylene liner. The acetabular liner cup component is modeled as elastic-plastic material of ultra-high-molecular-weight polyethylene (UHMWPE) where modulus of elasticity, the Poisson's ratio and the yield strength of the UHMWPE are set to 945 MPa, 0.45 and 23.56 MPa, respectively [3] . Eight-node brick element (C3D8R) is selected as element type incorporating 15990 nodes and 1 mm mesh size. Mesh sensitivity test has been conducted to select the proper simulation, to confirm sufficient element discretization and to optimize the numerical calculations. Boundary Condition and Simulation. The value of the applied load on the present model is taken from the work of Kluess et al. [3] whereas the direction of the load follows the work of Bergmann et al. [6] . The loads in the x, y and z -directions are F x = 15 N, F y = 270 N and F z = -427.5 N, respectively, and applied on a point at the center of the femoral head. All the degree of freedoms at the outer surface of the liner cup is constrained. The simulation is conducted in two steps: firstly, the load is applied to the center of the femoral head with constraining the rotation of the femoral head and secondly, the load at the center of the femoral head is constrained with rotating the femoral head. The range of the rotation is based on the measured RoM of Salat activities.
Model Validation. In order to check the present model, mesh development and simulations, a validation was conducted by comparing the present results with Kluess et al. result [3] . As shown in 
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Results
The results are presented for several parameters: resisting moment, contact pressure and contact stress using von Mises criterion for two Salat movements: sujud and sitting. Impingement as the early mode of dislocation is investigated for these movements.
Resisting Moment. The resisting moments as a reaction of the tangential stress and friction in the joint due to leg rotation and hip joint force for sujud and sitting movements are depicted in Figs. 5. The calculated resisting moments are compared with the requirement of flexion and rotation during Salat movements. Sujud requires 110° of flexion and 7° of external rotation of the hip joint movements. Sitting requires 78° of flexion and 15° of internal rotation for RL (right leg) and 80° of flexion and 6° of external rotation for LL (left leg).
Accomplishing sujud movement requires 110° of flexion. Based on Figs. 5a, the resisting moment starts to increase on 90° of flexion. This indicates that the impingement of femoral head on acetabular liner is present. The higher degree of impingement during sujud movement can be found if the external rotation is taken into account. The impingement is not found in sitting movement due to a free space of rotation and flexion in range of motion. Accomplishing sitting movement requires 15° of internal rotation (RL) and 6° of external rotation (LL). Based on Fig. 5b , the impingement will be occur at 20° of internal rotation of RL and does not occur for external rotation of LL. The requirement of flexion angle for sitting, around 80°, can be achieved before the increase of the resisting moment. Contact Pressure. In the present paper, the contact pressure is calculated with respect to the analysis of the area of articulating surfaces and the maximum value of the pressure (Fig. 6) . During sujud movement, the articulating surface is discovered at the circumferential edge of the inner liner diameter and results in a maximum value of contact pressure of 38.22 MPa. During sitting movement, the articulating surface of LL and RL is discovered inside the liner with the small value of contact pressure.
Contact Stress. The contact stress is analyzed using von Mises criterion to predict the plastic deformation of the liner. The results of von Mises stress distribution for sujud and sitting movement have the similar location to the contact pressure. In sujud movement, the maximum von Mises stress reaches a value of 23.56 MP, i.e. the yield strength of UHMWPE material. It indicates that the plastic deformation takes place and the impingement occurs. The plastic deformation, located in circumferential edge of the inner liner, is caused by the inset of the liner 2 mm on the femoral head surface. In sitting movement, the lower von Mises stresses are found in RL and LL indicating the absence of the plastic deformation and impingement. 
Discussions
The discussion this sections is focused on the sujud movements due to the presence of impingement and plastic deformation. Investigation of resisting moment on sujud movements shows that initially, the femoral head rotates freely in the liner and is only impeded by the friction of the contacting surfaces. The resisting moment starts to increase suddenly due to repositioning of the rotation centre to the circumferential edge of the liner. The simulation result predicts that impingement occurs between the neck and the liner. Then, the resisting moment decreases progressively as the increase of the rotational movement and results in the smaller articulating contact area [3] .
Since repeated impingement can cause damage to the liner and induces dislocation [3] . A maximum range of motion until impingement should be a main consideration for new implant designs. In the present paper, the new design of artificial hip joint which accommodates Muslim patients with THR to conduct Salat normally was proposed with the improvement of the Kluess model [3] .
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First idea is the reduction of the inset of the polyethylene liner. Different attempts to avoid dislocation by deeper head inset or partial enhancement of the liner rim were made. However it reduces the range of motion. The present analysis showed that the contact stresses during sujud movement is above the yield strength of UHMWPE. Such stresses lead to the plastic deformation and spalling of the polyethylene liner.
Second idea is the new profile for circumferential edge inner liner employing chamfered or filleted edge. The new profile is expected to extend the free space for range of motion during sujud movement and to reduce the impingement. For future work, a certain dimension of chamfered or filleted edge should be investigated to reduce the possibility of dislocation and to increase the range of motion.
Third idea is increasing the femoral head diameter. The simulation is predicted that the larger heads the smaller the contact stresses of the egress site of the liner. Actually, this is an expected situation to be achieved with respect to the contact stress. However, the problem emerges, that is the reduction in the thickness of the UHMWPE liner as a consequence of the larger head. This induces the possibility of the liner failure due to impact and repeated impingement. Therefore, for future work, an optimization of the head diameter as well as the thickness of the UHMWPE liner is recommended with respect to the contact stress and wear.
Conclusions
This paper studied the effect Salat movements, i.e. sujud and sitting between two sujuds, to the artificial hip joint in THR patient body using numerical analysis. The resisting moment, contact pressure and von Mises stress are reported in the present results using the model of artificial hip joint, proposed in the literature. The results show that sujud movement in Salat induces the impingement and plastic deformation whereas sitting in Salat is relatively safe to be conducted by THR patients. Some suggestions are discussed to propose a new design of artificial hip joint model, improving the previous design and allowing THR patients to conduct Salat in normal way. Reduction of inset at the liner, the new profile at circumferential edge inner liner and the increase of the head diameter are offered as solutions. The solutions should be optimized to design a new artificial hip joint for Muslim.
